A mixture of nucleated and anucleated protoplasts was produced from logphase Saccharomyces cerevisiae by the use of snail enzymes. The mixture was separated by centrifugation, and anucleated protoplasts were studied by means of light and electron microscopy. Anucleated protoplasts did not synthesize glucan fibrils even though they seemed to contain all other basic structures in their cytoplasm, and the structure of the plasma membrane was unchanged. This was in sharp contrast to ordinary nucleated protoplasts which synthesized glucan fibrils even after inhibition of protein synthesis by cycloheximide. The reason for this behaviour of anucleated protoplasts is not clear. Such anucleated yeast protoplasts represent the first example of uniform anucleated fungi produced by a reproducible method.
It has been reported by several authors that biosynthesis of the fibrillar glucan component in protoplasts can be blocked. For example, the fibrillar component was no1 formed in the absence of glucose in the medium (Kopecka, NeCas & Svoboda, 1968) or in the presence of a-deoxy-~-glucose (FarkaS, Svoboda & Bauer, 1969) . In both instances the synthesis of glucan was apparently inhibited at the level of synthesis of sugar nucleotide(s). Other authors have reported that after inhibition of protein synthesis by cycloheximide, the synthesis of the glucan fibrillar component of yeast protoplasts continued unaffected (NeEas, Svoboda & Kopecka, 1968) . These results led to the hypothesis that synthesis of glucan macromolecules, their subsequent transport* and their assembly into fibrils are independent of protein synthesis. The glucan synthetases are believed to be enzymes of a relatively low turnover. If this hypothesis is correct then all phases of glucan fibril biosynthesis should also occur in anucleated yeast protoplasts. The aim of the experiments described was to find out whether anucleated protoplasts possessed the ability to synthesize the glucan fibrils. Conclusive evidence was obtained that anucleated yeast protoplasts were incapable of synthesizing the fibrillar glucan component of the wall. 
METHODS
Strain. Saccharontjws cerevisiae strain no. 7 was used throughout the experiments. Preparation of protoplasts. Yeasts from the stock culture were inoculated into 50 ml malt extract medium of pH 5-5 and incubated at 28 "C. After 24 h all yeasts were transferred to 2000 ml malt extract medium and shaken at room temperature. After approximately 12 h of cultivation at room temperature, yeasts were near the end ofthe log phase (Fig. I) and were used for the preparation of protoplasts. The yeasts were centrifuged for 5 min at 670 g and washed three times with distilled water. A 200 mi portion of 2 "/o snail enzymes dissolved in osmotic stabilizer (0.6 M-KCI in McIllvaine citrate-phosphate buffer, pH 5-5) was added to the yeast pellet (about 40 g wet wt). After 2 to 3 h of shaking at 28 "C almost all yeasts were converted to protoplasts. The suspension of protoplasts was a mixture of large nucleated protoplasts and small anucleated ones. Centrifugation for 6 min at 670g was used to separate large nucleated protoplasts from small anucleated ones. The large protoplasts were in the pellet and the small ones in the supernatant. The supernatant containing the small protoplasts was decanted, centrifuged for 10 min at 670g, then washed three times by centrifugation with osmotic stabilizer to remove the snail enzymes completely. The final yield of small protoplasts was approximately 0-5 g wet wt (i.e. about I % of the initial weight of all yeasts). Three batches of protoplasts were prepared with the same yield of anucleated protoplasts. The large protoplasts (12 g wet wt) were also washed in osmotic stabilizer by centrifugation for 6 min at 670g.
Nuclear staining. Nuclei were stained for light microscopy observations according to a modified Giemsa method (Macy & Miller, 1971) .
Cultivation of protoplasts. Protoplasts were cultivated either in liquid media (NI according to NeCas (1965) , and malt extract with 0.6 M-KC~) or on the surface of 2 % agar NI medium. Protoplasts were observed using a phase-contrast microscope. Electroiz nzicroscopy. Formation of glucan fibrils was examined in preparations of protoplasts shadowed with carbon and platinum. Protoplasts were collected after 24 h and 5 days of cultivation in liquid media. A drop of the culture medium containing living protoplasts was placed on a copper grid covered by a Formvar supporting-film. Protoplasts were applied to the grid and the preparation was left to dry. A drop of distilled water was then placed on the grid and removed after 10 min. This was repeated two or three times. After drying, the preparations were shadowed with carbon and platinum. The numbers of protoplasts which had and had not the fibrillar component on the surface were counted by electron microscopy.
The ultrastructure of protoplasts was observed on freeze-etching replicas. Anucleated protoplasts were placed on copper grids, either directly in snail enzymes or in liquid nutrient medium, and frozen in Freon 22 cooled by liquid nitrogen. Freeze-etching was performed by means of Balzer's apparatus (Moor dk Muhlethaler, 1963) . Size of protoplasts. This was measured with an eyepiece micrometer by light-microscopy, on electron micrographs of ultra-thin sections and on freeze-etching replicas.
Protoplasts for ultra-thin sectioning were fixed in 3 
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Isolation of anzrcleated protoplasts
At the end of the exponential phase of growth anucleated protoplasts of Saccliaronzyces cerevisiae were prepared as described above. These yeasts represented an asynchronous population in which there were both non-budding cells and budding yeasts with buds of different sizes (Fig. I) . In the snail-enzyme solution the first protoplasts appeared after 5 to 10 min and most of them were much smaller than those produced from mature yeasts. After 2 to 3 h further incubation the number of protoplasts increased until almost all cells were converted into protoplasts of two different sizes (Fig. 2) . The small protoplasts had an average diameter of 2 -2 pm and the large ones were about 6 pin. Almost all large protoplasts (Fig. 3) were nucleated while the small protoplasts (Fig. 4) were anucleated.
Estimation of nuclei
By Giemsa staining it was shown that large yeast protoplasts had one or exceptionally two nuclei (Fig. 5) . In contrast, 88 to 92 % of the small protoplasts contained no nuclei (Fig. 6) . Limitations in the separating technique resulted in the presence of large nucleated protoplasts in the fraction of anucleated protoplasts.
Results obtained by nuclear staining of small protoplasts were in agreement with observation of ultra-thin sections and freeze-etching replicas (see below).
Growth of ariucIeated protoplasts
The fraction of anucleated protoplasts was divided into three parts: one was inoculated in liquid NI medium, the second was inoculated in liquid malt extract medium (osmotically stabilized), and the third was inoculated on the surface of NI agar. These protoplasts were observed for 5 days by means of a phase-contrast microscope. Most freshly released anucleated protoplasts had a homogenous appearance (Fig. 2, 4) but after 24 h of cultivation on the surface of agar they were found to contain one or more small vacuoles (Fig. 7) . Protoplasts cultivated in liquid and on solid media behaved similarly, the size and shape of these protoplasts being essentially unchanged, i.e. most of them failed to grow. About 8.5 % of protoplasts were capable of growing and these were believed to be the nucleated protoplasts contaminating the fraction of anucleated protoplasts.
The protoplasts of the nucleated fraction started to grow within 2 h of inoculation, both in liquid and on solid media (Fig. 8) . Almost all grew (96 ; x i ) , but they died after 24 to 48 h of cultivation.
Synthesis of the jibrillar wall component by anucleated protoplasts
Since the basic aim of this work was to establish whether anucleated yeast protoplasts could synthesize glucan fibrils on their surfaces, formation of the fibrillar wall component in yeast protoplasts was studied by electron microscopy of shadowed preparations. This method provided a reliable means for the quantitative evaluation of fibril formation since protoplasts with or without fibrillar nets were equally firmly affixed on to grids and could not be removed by the washings. Thus the presence or absence of fibrils could be ascertained for each protoplast.
Most of the anucleated protoplasts (88 %) did not form fibrils (Fig. 9) . The fibrillar nets were observed only in protoplasts which were markedly larger than the others, and these occurred infrequently (12 %) in the culture. Fig. I . Sacchuromyces cerevisiae near the end of the log phase as used for the preparation of anucleated protoplasts. Fig. 2. A mixture of large and small protoplasts of Sacchuromyces cerevisiae prepared on a shaker by a 3 h digestion with snail enzymes in 0.6 M -K C~ (pH 5.5) at 28 "C. Fig. 3 . A fraction of large (nucleated) protoplasts of Succhuromyces cerevisiae. These findings are strikingly different from the results generally obtained with nucleated protoplasts of Saccharomyces cerevisiae in which, in liquid media, 98 % of protoplasts synthesize the fibrillar wall component within 2 to 3 h of cultivation (Fig. 10) .
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Ultrastructure of proloplasts
Ultra-thin sectioning and freeze-etching were employed to determine any changes in the ultrastructure of anucleated protoplasts in comparison with the normal nucleated ones. In both types, the normal endoplasmic reticulum, mitochondria and vacuoles were observed (Fig. I I) . Thus, except for the nucleus, the principal characteristics of anucleated protoplasts were considered to be the same as those of nucleated ones, though the extent of quantitative relations between different cell organelles could not be estimated. The plasma membrane on freeze-etching replicas (Fig. 12) and on metal-shadowed preparations (Fig. I 3) showed particles 10 nm in diameter like those found on nucleated protoplasts (Streiblova, 1968; NeEas, Kopecki & Brichta, 1969) as well as in whole organisms (Moor & Muhlethaler, 1963) .
I 3 I S CUSS I 0 N Preparation of protoplasts from a large culture of the log-phase Sacchnronzyces cerevisiae enabled us to obtain, as well as a population of large protoplasts, a fraction of small protoplasts of which about 90 % did not contain nuclei. In most cases small protoplasts probably originated from the buds of dividing cells. This assumption is supported by the fact that they appeared soon after addition of snail enzymes to the medium. The first small protoplasts were detected within 5 to IC) min, at which time the walls of the mother yeasts had not been lysed and protoplasts of normal size had usually not arisen. It is known that the walls of young organisms are more susceptible to lytic enzymes than are those of older ones (Eddy & Williamson, 1957; Bacon et al. 1970; Brown, 1971) . In populations of yeast dividing asynchronously, at any given moment a certain proportion of organisms with small buds lacking nuclei can be found. The protoplast arising from such a bud is probably separated from the mother yeast protoplast by surface tension forces. Apparently, the Anzrcleated protoplusts and wall sjwthesis different physical properties of the cytoplasm of the bud compared to that in the mother cell play a role in the separation process. This process may be similar to the mechanism of formation of protoplasts of different sizes in syncitial moulds (Gabriel, I 968) . There may exist an additional mechanism of formation of anucleated protoplasts : fragmentation of large, complete protoplasrs, as was demonstrated during the preparation of protoplasts by mechanical pressure (NeEas, 1955) .
As expected, the anucleated protoplasts of yeast cells would not grow owing to the absence of protein synthesis. This is in agreement with the results reported by NeEas (1956) on the behaviour of anucleated plasma droplets in the yeast, as well as with the general concept on the role of the nucleus. However, it was also expected that anucleated protoplasts, though incapable of forming the complete wall, would synthesize the fibrillar component because protein synthesis is not required for the latter (NeEas et al. 1968) . This assumption proved to be incorrect because no wall component was detected on anucleated protoplasts.
The evidence against protein synthesis being necessary for fibrillar formation is based on the insensitivity of the latter to cycloheximide inhibition (NeEas et al. 1968). It has been reported that the blockage due to cycloheximide is not complete (about 97 %), the residual protein synthesis being associated with 77 S ribosomes, i.e. the ribosomes of mitochondria (Siege1 & Sisler, 1964) . Nevertheless, the formation of the glucan fibrillar component in yeast by mitochondria1 protein synthesis seems to be unlikely.
Conceivably in small anucleated protoplasts some other cellular structures directly or indirectly related to fibril formation might also be missing. However, in small protoplasts
